




















の指標としても利用できる（Johansson et al. 1978, 
Perrine et al. 1978, Prietto et al. 1989, Taylor et al. 
自転車エルゴメータを用いた無酸素性パワー測定値を
どう評価するか
Considerations for Evaluate the Anaerobic Power by Bicycle Ergometer
Key Words：Pedaling power，Isokinetic knee extension，Blood lactate，Wingate test
若山　章信
ABSTRACT
In recent years, maximal anaerobic power of  athletes has been usually evaluated by using a 
bicycle ergometer. Several loads and those of  pedaling rate (force-velocity relationship) are usually 
used to presume the maximal power. The purpose of  this study was to consider the anaerobic power 
evaluation by bicycle ergometer from the isokinetic knee extension torque and power, blood lactate 
concentration and V
4
O2max. Subjects were 13 elite male sprinters (A), 23 professional male cyclists 
(B) and 9 elite middle distance female runners (C). Results were as follows.
(A) Maximal anaerobic power measured by using a bicycle ergometer was more advantageous 
to a “force type” who exceeds in pedaling in heavy loading than a “speed type”. 
(B) In the 10 seconds of  a maximal pedaling by the bicycle ergometer, it was suggested that it 
is concerned with a lactic energy supply mechanism despite of  the load or output power. Moreover, 
the maximal anaerobic power presumed from three loads showed the low value about 10% in rest 2 
minutes compared with in rest 10 minutes. This is because, re-synthesis of  Creatine phosphate does 
not enough in 2 minutes and muscle contraction inhibitory factors such as lactic acid accumulate. 
(C) In 60 seconds of  supramaximal power output, every 5 seconds instance power were 
significantly correlated with the maximal anaerobic power and blood lactate accumulations for 5 to 
30 seconds. After 35 seconds that were significantly correlated with V
4
O2max. Those were suggested 
that the contribution of  aerobic energy supply becomes high after 30 seconds.
2
1991，若山ら1996，Wickiewicz et al. 1984）． 
上述の最大無酸素パワーが，主に非乳酸性エ
ネルギー供給系に依存すると考えられるのに対し，

















































パ ワ ー：ManP（Maximal  anaerobic  power）， 最
大膝伸展パワー：MkeP（Maximal knee extension 
power），最大膝伸展トルク：MkeT（Maximal knee 





































































































































Table 1. Parameters of maximal anaerobic power
and maximal knee extension power
若山　章信
Maximal knee extension power (W) 939 ± 139
MkeP/BW (W/kg) 12.8 ± 1.4
Optimal velocity (deg/s) 271 ± 53.1
Maximal knee extension torque (Nm) 275 ± 38.1
MkeT/BW (Nm/kg) 3.8 ± 0.5
Peak torque 30deg/s (Nm) 244 ± 30.5
Peak torque 60deg/s (Nm) 217 ± 26.6
Peak torque 180deg/s (Nm) 137 ± 15.9
Maximal anaerobic power (W) 1201 ± 149
ManP/BW (W/kg) 16.4 ± 1.1
Optimal load (kp) 9.8 ± 1.4
Maximal pedaling rate 4kp (rpm) 199 ± 6.9
Maximal pedaling rate 7kp (rpm) 159 ± 9.9
Maximal pedaling rate 10kp (rpm) 121 ± 15.7
Means ± SD








































Maximal knee extension power (W/kg) 
y =-0.580x + 23.9
      r =-0.722
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Figure 1. The relationship between MkeT/BW and ManP/BW














Table 2. Peak pedaling rate, maximal anaerobic power and optimal load of 
two different protocols  　　　　　　　　　　　　　　　　
Table 3. Blood lactate concentration in 10 seconds of pedaling at three loads














































Figure 3. Work and blood lactate concentration for
10 to 40s of pedaling.
rest 2 min. rest 10min.
Peak pedaling rate 1kp (rpm) 236 ± 9.6 237 ± 11.2
Peak pedaling rate 4kp (rpm) 194 ± 9.8 * 197 ± 10.0
Peak pedaling rate 7kp (rpm) 158 ± 14.2 ** 164 ± 13.9
Peak pedaling rate 10kp (rpm) 114 ± 17.4 ** 123 ± 21.8
Maximal anaerobic power (W) 1155 ± 165.1 *** 1265 ± 231.7
Manp/BW (W/kg) 17.3 ± 1.43 *** 19.1 ± 2.24
Means ± SD  *** p<0.001, ** p<0.01, *p<0.05
≒ 1.5%BW 7.5%BW 15%BW
Load (kp) 1.0 4.8± 0.4 9.7± 0.9
Peak pedaling rate (rpm) 238 ± 9.86 197 ± 7.33 136 ± 9.65
Mean power (W) 219 ± 8.22 867 ± 96.5 1182 ± 111
Pre-exercise blood lactate (mM) 1.4 ± 0.3 1.5 ± 0.3 1.8 ± 0.3
Post-exercise blood lactate (mM) 6.2 ± 0.8 7.2 ± 0.6 6.5 ± 0.8
ΔBlood lactate concentration (mM) 4.9 ± 0.7 ** 5.7 ± 0.6 * 4.7 ± 0.9
Significant levels were compared 7.5%BW with both sides. Means ± SD *** p<0.001, ** p<0.01, *p<0.05
Time (sec) 10s 20s 30s 40s
Total work (kJ) 8.2 ± 1.22 15.0 ± 2.00 20.8 ± 2.59 25.5 ± 3.25
Total work/BW (J/kg) 131 ± 7.9 239 ± 13.5 332 ± 18.8 407 ± 19.4
Mean power (W) 822 ± 117 748 ± 96 693 ± 83 637 ± 78
Mean power/BW (W/kg) 13.1 ± 0.72 11.9 ± 0.56 11.1 ± 0.49 10.2 ± 0.42
Pre-exercise blood lactate (mM) 1.5 ± 0.3
Post-exercise blood lactate (mM) 7.0 ± 0.7 *** 9.2 ± 0.9 *** 10.6 ± 0.8 *** 12.1 ± 0.8
Δ Blood lactate accumulation (mM) 5.5 ± 0.7 *** 2.2 ± 0.8 * 1.4 ± 0.8 1.5 ± 0.9































































Table 5. Parameters of the anaerobic and aerobic measurements
Maximal anaerobic power (W) 355 ± 36.0
ManP/BW (W/kg) 7.6 ± 0.8
7.5%BW load (kp) 3.6 ± 0.3
60s mean power (W) 282 ± 15.2
60s mean power/BW (W/kg) 5.9 ± 0.4
Post-exercise blood lactate (mM) 11.4 ± 1.73
V
4




































































Figure 4. Changes of the every 5s of pedaring power 
and the every 10s of oxgen intake
Figure 5. Correlation coefficients between the every 


















チン燐酸が運動後2分では84％程度（Harris et al. 
1976），30秒の超最大運動では4分弱の休息時間
であっても78％しかクレアチン燐酸が再合成されな
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